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Abstract of Invention 
This invention relates to a type of automobile exhaust catalytic converter, including 
substrate, vibration reduction layer, metal substrate, and catalyst coating. The metal substrate 
is made of porous metal with pore diameter between 50 to 1200 jam and the pore density 
5 between 80 to 98%. The coating layer of catalyst ingredient is securely attached to the 

porous metal substrate by etching it with heated organic acid, immersing, and calcining. Said 
automobile exhaust catalytic converter device is resistant to heat and mechanical impact, has 
high rate of purification and long useable lifespan. 
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Automobile Exhaust Catalytic Converter Devices 

Field of Invention 

This invention relates to a type of automobile exhaust catalytic converter device. 
Particularly, it related to the substrate for said catalyst. 
5 Background of Invention 

In the system for the purification of automobile exhaust, the catalyst is the critical 
component of the catalytic conversion. Ceramic and metal are the materials used for the 
substrate. When compared with metal substrates, the disadvantages of the generally used 
honeycombed ceramic substrates include: they generally operate at lower temperatures 

10 (soften at HOC^C); their walls are thicker, they preheat slower, and their exhaust pressure is 
higher. As such, many countries are conducting research on metal substrates. The wall of a 
metal substrate is only Va as thick as that of the ceramic substrate wall. Therefore, exhaust 
pressure can be lowered and the substrate for the catalyst can also be made smaller. Metal 
substrates have a small heat capacity and as such it can be preheated efficiently. Therefore 

15 metal substrates have the advantage that the catalyst can be electrically preheated to realize 
the implementation of the zero emission policy for hydrocarbons. It also has the advantage 
of adapting well to temperature changes. 

Existing metal substrates for the automobile exhaust catalytic converter mainly use 
combinations of various structures of corrugated metal. Their resistance to heat and 

20 mechanical impact are lower. Their anti-oxidation ability is insufficient, especially at high 
temperatures, thereby affecting the automobile exhaust catalytic purifier's useable lifespan. 
In addition, comparatively, the specific surface area of this type of corrugated metal substrate 
is limited and their capability for the active ingredient of the catalyst to be adsorbed is 
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insufficient, thus limiting the capability to further improve the efficiency of purification for 
the automobile exhaust catalytic converter. 

Description of Invention 
5 The object of this invention is to provide a type of automobile exhaust catalytic 

converter device that is resistant to heat and mechanical impact, with high purification 
efficiency, long useable lifespan. 

A type of automobile exhaust catalj^ic converter device, including shell, cushioning 
layer, metal substrate with catalyst coating wherein the material for said metal substrate is 
10 porous metal with pore diameter between 50 and 1200 |am and pore density between 80 to 
98%. The diameter of the above-described pore is the average diameter. It is calculated by 
taking a length of a section of the porous material and divide by the number of radially joined 
pores that are connected in that length. The pore density is, in percentage, the volume of the 
pores as compared to the volume of the metal in its natural condition. 
15 A further description of said material for the porous metal is that it includes two 

components (A and B) of metal or metal alloys. 

The A component is nickel and is 60 wt.% to 100 wt.% of the porous metal material. 
The B component is 0 wt.% to 40 wt.% of the porous metal material and contains one 
of more of the following metals : chromium, Cr aluminum, Al, iron, Fe, cobalt, Co 
20 molybdenum, Mo, zinc, Zn, zirconium, Zr, vanadium, V, titanium, Ti, cerium, Ce, 
lanthanum, La, and neodymium, Nu. 

A better specification of said porous metal material is that the pore diameter is 
between 400[im and SOOjim and its pore density is between 95% and 98%. 
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The composition of the catalyst coating includes metal elements, rare earth metals 
and small quantities of precious metals. The metal elements include one or more of the 
following: calcium, Ca, barium, Ba, magnesium, Mg, zirconium, Zr, zinc, Zn, and aluminum, 
AL The rare earth metals include one or more of the following: cerium, Ce, lanthanum, La, 
5 praseodymium, Pr, and neodymium, Nu. The precious metals include one or more of the 
following: palladium, Pb, platinum, Pt, rhodium, Rh, and ruthenium, Ru. 

One of more of the following can also be added as a component for said catalyst 
coating: y oxides of aluminum, oxides of zirconium, and oxides of cerium. 

Said porous metal material is fabricated using electroplating. 
10 The surfaces of the walls of the pores of said porous metal material have a compact 

oxide layer. 

The advantages of the automobile exhaust catalytic converter device of this invention 

are: resistant to heat and mechanical impact, large specific surface area, high purification 

efficiency, strong adhesion between substrate and catalyst coating, and long useable lifespan 
1 5 The following refers to attached figures showing embodiments to explain this 

invention in further detail. 

Description of Attached Figures 

Figure 1 is the diagram of a cross section of an embodiment of the automobile 

exhaust catalytic converter device of this invention. 
20 Figure 2 shows the enlarged structure picture of the pores of the material for the 

substrate of an embodiment of the automobile exhaust catalytic converter device of this 

invention 
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Figure 3 is a graph of catalytic conversion rate as a function of the pore diameters of 
the metal substrate for embodiments of the automobile exhaust catalytic converter device of 
this invention. 



5 Methods of Implementation 

Please refer to Figure 1 , This invention provides an automobile catalytic converter 
decide, including the shell (1), the cushioning layer inside the shell (2), the metal substrate 
(3) and the catalyst coating (4) is coated onto the metal substrate. The metal substrate is 
made from porous metal with its average pore diameter between 50 to 1200|am and the pore 

1 0 density between 80 to 98%. 

Figure 2 is the micrograph showing the structure of the pores of them material for the 
metal substrate of the automobile exhaust catalytic converter device of this invention made 
with JEOL Company's JSM-5610. The micrograph clearly shows that the porous metal has a 
3 dimensional net structure, v^th its skeletal structure adjoining each other and its pores 

15 connected. The porous metal has a higher pore density and structural strength. The preferred 
specifications for the material of the substrate for the automobile exhaust catalytic converter 
device of this invention are between 50 and 1200)uim for the pore diameter and between 80 
and 90% the pore density is and the substrate for the automobile exhaust catalytic converter 
devices. 

20 In this invention, the size of the pore diameter of the porous metal substrate greatly 

affects the property of the adsorbed catalyst. If the pore diameter is too small, the active 
material concentrates on the surface of the substrate and cannot enter the inside of the 
substrate. Moreover, the air flow is lowered. If the pore diameter is too big, the specific 
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surface area is lowered and the utilization rate of the active material is low. The more 
uniform the spread of pore diameter, the more evenly distributed are the active ingredient 
material inside the pores and the more evenly are the utilization rate of the active ingredient 
materials thus allowing it to be fully utilized, and the efficiency of the exhaust purifier is 
5 better. After testing; the results are better when the pore diameter of the porous metal for the 
substrate of the catalytic converter device is between 50 and 1200|im. The results are the 
best when the pore diameter is between 400 and 800|am. 

In this invention, when the pore density of the porous metal substrate is between 80 
and 98%, then it can be used as the substrate for the catalytic converter device. Usually, the 

10 larger the pore density, the better the properties of the substrate. However, in practical 
applications, the best specification for the pore density is between 95% and 98%. 

In the fabrication of the automobile exhaust catalytic converter device of this 
invention, electroplating is used to fabricate the porous metal with pore diameter of between 
50 and 1200jim and pore density of between 90 to 98%. Processes such as high temperature 

15 oxidation, electrochemical cathode oxidation, and etching with heated organic acid as pre- 
treatment are used to form the thin dense oxide layer on the surface. This not only 
strengthens the adhesion between the catalyst coating layer and the oxidized catalyst costing 
layer such as oxides of aluminum, zirconium and cerium, it also incrcEises the ability of the 
substrate material to resist high temperature oxidation and can increase the purification 

20 efficiency and the useable lifespan of the catalyst. 

In the process to fabricate the automobile exhaust catalytic converter device of this 
invention, the technology of the adhesion between the porous metal substrate and the active 
ingredient of the catalyst includes: etching with heated organic acid, immersion to coat, and 
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calcination. This type of adhesion method allows multi-layers of membranes of oxidized 
compound to form on the surface of the substrate, strengthening the adhesion between the 
porous metal substrate and the active ingredient of the catalyst. This enables the catalyst to 
have better resistance to heat and mechanical impact, increases the purification rate, and 
5 lengthens the useable lifespan. 

The automobile exhaust catalytic converter device is fabricated using stainless steel 
shell (1), vibration reduction cushion (2), above described porous metal as substrate and 
above described fabrication method for the catalyst to form its core. It has the following 
advantages: it is resistant to heat and mechanical impact, it has a large specific surface area, 
1 0 high purification efficiency and long useable life span. 
Embodiment 1 

(1) The pre-treatment and fabrication of porous nickel metal: Use publicly known 
electroplating technology to fabricate thickness of between 1.5 to 3.0 mm, pore density of 
between 95 to 98%, pore diameter of 400|a.m of porous nickel chromium alloy its pore 
15 diameter uniformly distributed, with no orifices or windowless pores, having a predetermined 
mechanical property and flexibility. The technology and specification for the nickel 
chromium alloy electroplating are listed in Table 1 . 

Table 1 The Technology and Formula for the Electroplating of the Porous Nickel Alloy 



Composition and Technology 
Conditions 


(g/L) 


CrC13-6H20 


50-80 
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NiC12-6H20 


20-75 


Formic Acid ( mL/L ) 


10-95 




20-50 


NaRr 


40-90 


r in icvci 


1-4 


Temperature ( °C ) 


20-60 


Current Density (Jk)A/dm2 ) 


2-10 



The positive electrode uses an inert graphite electrode. The negative electrode uses a 
conducting porous sponge-like material. A small quantity of additive, such as dodecyl 
sodium dodecyl sulphonate and coumarin is added to improve the material quality of the 
5 plating layer. The plated metal contains 70 to 90% nickel and 10 to 40% chromium. 

After the porous nickel chromium alloy that is fabricated by electroplating is etched 
with heated organic acid for 1 to 5 hours, it can then be used directly as the substrate for the 
automobile exhaust catalytic converter device. 

(2) The fabrication of the automobile exhaust catalytic converter device: The 
10 composition of the catalyst coating layer contains a mixture of nanometeryalumina and 

nanometer zirconia, where the ratio of the nanometeryalumina and nanometer zirconia is 
between 0:3 and 3:0. Immerse a pre-determined ratio of the mixture of the powdered 
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nanometerYalumina and nanometer zirconia in a mixture of a saturated solution of cerium 

salt at a temperature of 30 to SO'^C for about to 2 to 5 hours to form a slurry. At that 

temperature, immerse the porous metal substrate that has already been etched with heat in 

organic acid in said slurry for 2 to 4 hours. Then, blow pressurized air or use a centrifuge to 
5 remove the excess suspension from the substrate. The porous metal substrate that has been 

immersed with the emulsion liquid is heated at 400 to 600°C for 1 to 8 hours. It is then 

cooled to room temperature. 

After cooling the porous metal alloy substrate that has been calcined, it is further heat 

treated in organic acid, and then immersed in a solution containing soluble cerium salt, 
10 rhodium salt and small amounts of manganese salt at a temperature of 30 to 80^C for 2 to 4 

hours. The catalyst for the automobile exhaust catalytic converter device is finally obtained 

after the it has been calcined again as described above. 

The automobile exhaust catalytic converter device is made with a cylindrical shaped 

stainless steel shell (1), cushioning padding (2), and the inner core formed by the catalyst 
15 fabricated using above said method and after being laminated or coiled. 

Embodiment 2 

(1) The pre-treatment and fabrication of porous nickel metal: same as Embodiment 1, 

(2) Fabrication of automobile exhaust catalytic converter: Directly immerse the porous 
nickel chromium alloy that has been treated with organic acid for 1 to 5 hours in a solution 

20 mixture containing a predetermined ration of soluble aluminum saU, zirconium salt, cerium 
salt rhodium salt and an suitable amount of other ingredients. Remove excess solvent, then 
heat dry. Increase the temperature to 400 to 600^C and hold the temperature for 2 to 6 hours. 
Cool to room temperature then repeat etchmg with organic acid, immersion, heat dry and 



calcinations processes multiple times to form multi-layers of oxidized compound membrane 
on the surface of the substrate until the desired technology result is obtained. 

The automobile exhaust catalytic converter device is made with a cylindrical shaped 
stainless steel shell (1), vibration reduction cushioning (2), and the inner core formed by the 
5 catalyst fabricated using above said method. 
Embodiment 3 

To fabricate the automobile exhaust catalytic converter device, the fabrication 
technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy with a 
thickness of 1.5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 50|am. 
10 Embodiment 4 

To fabricate the automobile exhaust catalytic converter device, the fabrication 
technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy with a 
thickness of 1.5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 200jim. 
Embodiment 5 

15 To fabricate the automobile exhaust catalytic converter device, the fabrication 

technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy with a 
thickness of 1.5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 600^m. 
Embodiment 6 

To fabricate the automobile exhaust catalytic converter device, the fabrication 
20 technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy with a 
thickness of 1.5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 800|im. 
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Embodiment 7 

To fabricate the automobile exhaust catalytic converter device, the fabrication 
technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy v^ith a 
thickness of 1 .5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 1000|am, 
5 Embodiment 8 

To fabricate the automobile exhaust catalytic converter device, the fabrication 
technique is the same as Embodiment 1 where the substrate is a nickel chromium alloy with a 
thickness of 1.5 to 3.0mm; its pore density is 95 to 98%, and its pore diameter is 1200|xm. 
The results for the conversion rates for CO, HC, NOx after test driving for 30,000 km 
10 the above-stated embodiments of the automobile exhaust catalytic converter device of this 
invention are listed in the following table. 
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Figure 3 shows the graph of the relationship between the pore diameter and the 
conversion rates for Embodiments 2, 3, 4, 5, 6, 7, and 8. The figure shows that when porous 
nickel is used for the substrate for the catalyst, the size of the pores greatly affects the 
5 effectiveness of the catalytic converter device. When the pore diameter is between 50 to 
1200|Lim, the conversion rate is comparatively good. The conversion rate is the best when 
pore diameter is 400 to SOO^im where the CO and HC conversion rate above 90% and the 
NOx rate above 70%. 
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Claims 

1 . A type of automobile exhaust catalytic converter, including shell, vibration reduction 
layer, metal substrate with catalyst coating. Its characteristics are: the material for said metal 
substrate is porous metal with pore diameter between 50|am and 1200 jxm and pore density 

5 between 80 to 98%. 

2. Said automobile exhaust catalytic converter of claim 1, its characteristics are: said 
material for the porous metal includes two components (A and B) of metal or metal alloys. 

The A component is nickel and is 60 wt.% to 100 wt.% of the porous metal material. 

The B component is 0 wt.% to 40 wt.% of the porous metal material and contains one 
10 of more of the following metals: chromium, Cr aluminum, Al, iron, Fe, cobalt, Co 
molybdenum, Mo, zinc, Zn, zirconium, Zr, vanadium, V, titanium, Ti, cerium, Ce, 
lanthanum, La, and neodymium, Nu. 

3. Said automobile exhaust catalytic converter of claim 1 or 2, its characteristics are: the 
pore diameter of said porous metal is between 400|Lim and 800|im and its pore density is 

1 5 between 95% and 98%. 

4. Said automobile exhaust catalytic converter of claim 1 , its characteristics are: the 
composition of the catalyst coating includes metal elements, rare earth metals and small 
quantities of precious metals. The metal elements include one or more of the following: 
calcium, Ca, barium, Ba, magnesium, Mg, zirconium, Zr, zinc, Zn, and aluminum, Al. The 

20 rare earth metals include one or more of the following: cerium, Ce, lanthanum, La, 

praseodymium, Pr, and neodymium, Nu. The precious metals include one or more of the 
follov^ng: palladium, Pb, platinum, Pt, rhodium, Rh, and ruthenium, Ru. 
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5. Said automobile exhaust catalytic converter of claim 4, its characteristics are: one of 
more of the following can also be added as a component for said catalyst coating: y alumina, 
zirconia, and oxides of cerium. 

6. Said automobile exhaust catalytic converter of claim 1, its characteristics are: said 
porous metal material is fabricated using electroplating. 

7. Said automobile exhaust catalytic converter of claim 1, its characteristics are: the 
surfaces of the walls of the pores of said porous metal material have a dense oxide layer. 

8. Said automobile exhaust catalytic converter of claim 7, its characteristics are: the 
oxide layer on the surfaces of the walls of the pores of said porous metal material is formed 
by high temperature oxidation or electrochemical positive electrode oxidation or etching with 
heated organic acid. 
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